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ABSTRACT 

PURPOSE: To decompose ethylene chloride at high decomposition rate in high 
efficiency by using a transformant transformed with a recombination plasmid 
having high decomposition capacity of ethylene chloride such as 
trichloroethylene and tetrachloroethylene . 



CONSTITUTION: The recombination plasmid to be used in this process 
(A) a hybrid gene containing, as an active site, a gene 
todClbphA2A3A 4 produced by linking a partial gene todCl of a s 
gene coding a toluene- decomposition enzyme originated from Ps 
putida Fl to a partial gene bphA2A3A4 of a structural gene 
biphenyl decomposition enzyme originated from Ps 

pseudoalcaligenes, (B) a drug- resistant gene and (C) a gene replic 
Gramnegative bacteria. The plasmid is introduced into a host bacte 
and the obtained transformant is used for the decomposition of 
chloride . 
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1 

H*tf§fcfc©«ffl] 

^i-H^X Fl ( Ps e 

u d omo n asput Ida Fl) &3|£© F^x^ 
3- FT-saBBilfc^oDgEfliBfi ? todc 
It. S'a-P*** ->JL-HT;^'jy^ (Ps 
eudomona s pseudoalcal Igen 
e s ) a*©e7xn;V$W*»$£3-F-r**fi8»fc 
^©gBftafi T bphA2A3A4 1 * U&afcT 
Wfr todClbphA2A3A4 »gMfe^ Ut£ 

afc^SS*. ^A&ttlfflBATfcflBjaBfcafcx?- 
l^^fflffl&^XSF. 

c»*« 2 ] m$m i E*©fift^7^ s f *«^«b 

[IWiS3] jft$£23B«(D^Be&#&fflV>T&{b 
x?- 1/ > S 21 1 &ft«tr fci&ffcx? 1 >©# 

[f8W©l¥fflfc&i»] 

[000 1] 
[0 002] 

[0 0 0 3] £fcx^ 1/ >©&«#&£ UTttiSttliHSs 

ftx5=-w>*iiiiK-r*^T, «sft;-r*itttT* 
tit) H'Ji'anx9 L u->^5 ! 'h7^nnx^P'>'S^ 

*-r*ctt>T?€**t. attests?* Dnx? 1 

[0 0 0 4] c:©J:5&WBA©#ifclc. &fcx?^> 
fif*. MJ*ODX3^>£*hS!T.5»if§,*:UT 

f ij * □ nx^u>»#ffis^rr* e«5«© f u * 

□ DX^W>^|iittffi< % 2M£<fc< HJ^odx^W 



(2) #W¥7-1438 82 

2 

[0 0 0 5] -##^¥2 - 5 0 3 8 6 6^ttt. 

*>Kv"J- KR-1 ( Pseudomo 
n a s mendoc Ina KR-1) £&©F;i/X 

>*;***sf-}—' tra&^ (h;kx>^+->y^— t? 

U £©®aiK&#SfflV>T F 'J £ ddx^I^&SHB 

x>*/^-*->y^— •e&mrmmvT^zittb. f 

10 Viraax?U>iMmifi&^. 

[0 0 0 6] ££App 1 1 e d and Envlr 
onmental Microbiology, Vo 
1. 15, No. 1 2, 1 9 8 9, p. 3162-31 
6 6 (6TF. *ittl<!:V>5) fctt. S/a-F*** ? 
3=^ F 1 B&jfc© V)VX>i?-** : i/>f1r—-Wkfc? u 
odC!C2BA ) &*B§B«;:*AU r©JBgfcfttt 
*fflv>T h u ^ nnx^l/>s&^rs^ffi*tsa*$n 
1/*>U £©!BKteSl#©FU£'nnx3 L W'> 

[0007] StJouranl of Bacter 
lology, Vol. 175. No. 16, 199 
3, p. 5224-5232 (£TF> !*ft2£H5) 
tt. ->jl-F^X F 1 [&3fc© FA-X^* 

tf©agT©-65 ( t odCl ) t, i^- 
Ft^-X v-n-FT^Uy^X KF7 0 7ft*© 

tf7x-;Httiig£;rrBe?©-a& (b P hA2A3 

A4BC) t*-&tf/W^Uy Fae^ ( t odC 1 
(F 1) bphA2A3A4BC (KF7 0 7) ) 
50 *-r*^7X3FpJHF10*t|B«Sn. z.<j»\^i 
U y Fafe y t odC 1 bphA2A3A4BC tt F;i< 

©xr 2 ic«^7X3 f p j h f i o ^^aeaic^ib; 

[0 0 0 8] 

[5ss3*t#tfci,<fc5tT*aiBj *$8gn©B«wu gfc 
^^wttrojsvijaflsx^ i/ yammm??* s. 

F*S«-r*JltTft*. *5fifH©giJ©BWtt, ±fflfi 
«75X3 F*1S±IBSnc^XUfc*{bX?W>^ffi 

tt. Jbffi*eiEiftfl:SfflH«:JftftX9 1 U>©^©J:H 

[0 0 0 9] 

mm&m9?r&ittb<o¥m *ftWi*x<DM{tx?is 

>iffimta&7yX$. F. 2i£Xt*:ft&m 

^tt&ftxTisxntiBlimr&z. 

(1) v-a-F^X Fl ( Pseudom 

o n a s put Ida Fl) ft*© h^x>iHSP9 

js&fca- f-t sftisae^ ©ffifl-afe ? todcu , 

50 ya-Kt« ->a.-FT)P*'jy^X (Pseud 
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(3) 



«$H¥7-143 88 2 



omonaspseudoalcal ieenes ) ft 

fltfe ^ bphA2A3A4 fc L fe«K5^M-_Lo 
dC 1 bphA2A3A4 &gttaMar t VX$tS/\-i ? 

(2) ±E (1) B«®ftK/?X3 K*1t*«B«lr« 

(3) ±ffi (2) efccjBgfe&ttfcflHTieffcx^w 
m. 

[0010] #$EEfc43^T^©#atft*:!&ftx^ 

ifl/>*t^*n5««. 8Mc r-'J^n ax? 1 W 
/*&fctr h7?n nifP' ©*f IsTMV 

[ooii] ^aiwrffifla-r^A-f^uy nae^tt, 

gfe^BrM- 1 o d C 1 b phA2A3A4 &4>ft<£'E> 20 
^iffi&'fT&t). t odC 1 b phA2A3A4 ©& 
i)\ Z-tl\Zbp hJ3 £fcttC)WK£l,fc t od C 1 b p 
hA2A3A4B gfc»; t QdClbphA2A3A4 

Bc^snsfewaffc-^sns. _t_od_ci89!5>tt 

i-i-K^X F 1 ft*© h«/X>#fll#ilS 

todClC2BA © todCl fi gfrTfca. * 
fc bphA2A3A4 . b p h A 2 A 3 A4 B gfcftb 
P h A 2 A 3 A 4 B C «M->j.- K^Ft 7 >-a.-K 

U y*X**©H7xx;u^M!f»3R£3- Hi"* *30 
CH 3 



hA!A2A3A4B C PflSfrfifctt^ftTffcS. 
[0 0 12] h->Kr>ftftSge^ todClC2BA CD 
ft&EitLTtt. 3KB7-f 4-7*^07^ If 9 H 5^ 

astifcafts t o d c i c 2 b A oftteinrra ^ t 

[0 0 13] £©J:5fc»Hc£LTB„ fl*.(£C*ttffi 

K£*I#lMltS*W3B*r CF E RM P - 1 3 9 6 6 
t lsTfFK3hT»SX-k ij 5/7 3 U KWI-10 
( Es he r 1 ch 1 a coll KWI-10) & 

C119 (ATCC No. 3 74 6 1, ATCCCa 
talogue of Recombinant DN 
A Materials 2nd edition, 1 
9 9 1) \Z t o d C 1 C 2 B A &g^&tfaasfenfe-/^ 
X3FpJHF3 0 5 1£##UTV>S©T> «1©^7 
X 3 F p J H F 3 0 5 1 Sftl&fifcTS C £ fcTfTS. 
^ ©K<* & toddC2BAfc # 5 IC 

[0 0 14] Ife f todC!C2BA tt. h;l/X>& 

c i 8-hin>s»t Fni**- ;nc»<fcfs h;i.x> 
Hkn>©c 1 s - MUX>S?t Hai?^-— )l"s© 

^iBeicgi^'ra^ >wgtm&?m todcic 

.2BA£©Wfc£TSEEJfc£ (l) ir^T. 

[0 0 15] 

Kti] 




ISP (red) T0L ^FDX (ox) T0L Rtase (red> T0L NAD+ 



todC1C2 
ISP(ox) TOL 



X todB 
FDX(red) 



jf todC 
TOL Rtase < ox) TOL 



A, 



.0] 



CEJfci£+. I S P wadron- 
sulfur protein), FDXtt7il/Ht 
y> (ferredoxln). Rtas eWjypi? 
—if (reductase), r edt$B7C& oxtt 
TOLtth;vx>s^-r. ] 

[0 0 16] ±ffiRjfc5£ [1] fc*SnTV»S«t5t. 
NADH36^©«Tfiai3Rtt'J^^-H?, 7iVH+ 

yy% j:r;«- jam* >/t?g© 3 as©* h 



#|j&sn, ^ns a-g-n^nag ^ t o d c 1 c 2 , » 

fcTj_odJB:fc«fci!*®^f XodAC J; 0 3- FStlT 

us. 

[0 0 17] J/a-H^X F 1 ft*© t o 

d C 1 C 2 B Affl g^©MH»iBiftKI»TffiKrjK-a-- 
[Yb2] 
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.... 



t QdClC2BA lC^>Ttt. »ffi£fRliS«ktfTh 
e Journalof Biological Ch 
emlstry. Vol. 2 6 4, No. 2 5, 198 
9. p. 1 4 9 4 0- 1 4 9 4 6 3 ftt^ 

[0 0 18] t o d C 1 C 2 B A gg^&ttHELTt^S 

a»3teTi_odcn6#*ictt, nti!2#«ss^e.fHeg 

F3 0 5 1 £x>7V-hDNAiLT#l)V-*x- 4? 

>'J7^->a> (pcr) ic<kOft^wir^-r^ct 

[0 0 19] tf7x-;i^H?igfe^ bphAlA2A3 
A4BC ©«i(&ai t UTtt. 58M#©*;i|*tg^J|l«fc o 
#*U £&X¥J:?&mWffi\Z¥E.RyL P-8 2 
9 7 t UT«tfiSnT^-5^a- Ft^X ->a.- F7 
;k*J>jy*X KF7 0 7 ( Pseudomonaa 
pseudoalcal Igenes KF7 0 7) * 

[0 0 2 0] fc*. *a*®e^WttSHKT©t*D 50 

t¥B ; 0. 7X1. 5~2. Otfin 
fflfi^; 1* 
4HCT©4W:ffitt 
; 3 5t 



-I tot- C3flC ~ 




9 S oJ 21 t3 

*jleo| BQ|ui| aj 



•^#»^Ufclie*, ->:x- F^X >-.-r-K7JU*>J 
y^X ( Pseud omo n a s pseudoalc 
a 1 igenes) <hB»&n£. fc43, d©Sflc*Jj: 
tfljfi fbphAlA2A3A4BC e)BM& 
Ttt. ttBBBB6 1-28208 5*IB#»fce*atlTH 

[0 02 1] S'jx-Ft^X ->a-F7;k*>>jy*X 
KF 7 0 7 tH-©BI«c*t4#X^X«ft*W5fiSfiC 

&KcitU FERM P-13 96 5tL/TSKStlT 
ft*, ffifi±C©«ttcS:»>3.-H^X 

F7 A-* U y*X KW I - 1 1 ( Ps eudomon 

a s pseudoalcal Igenes KW I - 

1 1) tPJ*. 

[0 0 2 2] £©BBifr6©fie? -b p h A 1 A 2 A 3 
A4BC©«fflUi, fflrgBftt**. WS.tfLJ#ft (/t* 
HU^K>10b. -f-XM^5g, tS5g. IS 
S*l liter) iC-SftJiStS*, 'J'/^-A-S 
DSjfelCiOSfBU&RSfifrDNASiElSU 

mdna dug) &mwm# x h o i -eaBr-rs £ 

[0 0 2 3] £©£5ft#fcl::±D«tnUfct::7xrL^ 
iHBa£?©S«E»*JftB£TSI'*-r. TBIOftgn 
«K«»*»BIrtfc. »fe TbphAlA2A3A4B 

Mfc 3] 



CO 0.1 



6.8 kb 



[0 0 2 4] »fe ?bphAlA2A3A4 ttfc , 7;E- 



.... 

-^©»*iSeCP^-r* * >/^B^:«i5?» bph 
A1A2A3A4BC £©M«»TiF.gfct (4) fcj* 

r. 
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[0 025] 



MU4] 




^~ISP (red) BpM ^,FDX (ox> BpH . FRtase (red) BpH v /NAD 



isp (ox;, 



bphA1A2 bPhA3 ^ bPhA4 

FDX (red) BpH FRtase (ox) BpH 



BPH 




NADH+H+ 




C4) 



(SlSsSt, I SP\m-mmfr>Wg (lron- 
sulfur protein) . FDXU7iUH+ 
zs> (ferredoxin) . FRtas etiy^U 
(ferredoxin re 
d u c t a s e> . re dBSjcfl:. o xttKfcft. B 

[0 0 2 6] ±83fijfc5$ (4) t^SnTVi*J;5K, 
H7xr:;P4r»©^lgBORj6;fc^t*NADH*>6 50 

H+-»*±t;«-«Eii^>^^H(D 3 mm<oi> 
a>5«js£3n, -en-gnae ^bphA4 , aefb P 

hA_3j3«fcrfitg?- bp hAl A2 fc.fcP 

hB, % 3 B B ©K&& mm- * b p h C 

[0 0 2 7] SVf Kft&m NGhJPX>5Mr 40 

m&i-omm&rf- todci fc, wgBtr^x^^ 
afi^pgaae? - b p n A2 a 3 A4 £ &feteLft» 

gfgrfr t odC 1 bphA2A3A4 £, 

*<D~V$> 0,3 5 EJfl©afe^»r frb p hB ifcBb p 
hC^fttPUT^Tt>«tV>. £©«fc5;&7Vf:/Uy F« 
fi^tUTe. fllA tf t odC 1 b p h A 2 A 3 A4 . 
todClbphA2A3A4BC& gtffttffih& 

[0028] ±Bwvf ?u y naem mxmw so 



!9:Stt57*7X3l!pHSG3 9 6 (SBiS (#) 
SO fe Xh o I tf^BrU rtttcMIEIWIEBMiifiBl 
(3) T?*3ft5DNAWtf- (bphA!A2A3A4 
_BC£-£A,TV>*) ST^Jtf— tftM6£U 
X5HpKTF10*«i||-r«. ifcfcpUCl 18*»5 
Sac ItM hfcUfcfebfc:/?;** FpUCl 1 8 AS. 
M'S^*. u©pUC 118 4Sa_c I SXba I 
E H 1 n dHl-ggHKL. ±38pKTF 1 OfrS Xba 
I EHlndIII'eg7fflL,fc bphAlA2A3A4B 
Cfc^trDNABrK-fc^ y—>3 ^S-ttp J HF 1 8 

[0 0 2 93 UE^XSHpJHF 3 0 5 1 

( t o d C 1 C 2BA &^*gt>^) *5 1 >7 r k— hD 
NAtU JH'JV-fi->iJ7d'J'3^l: ( tD 5' - 
*l«l:Sac I«0r8M£:)3<ktf3' -*««BfcBs_L 
H«»^**t-*i_odLCiWM-S#)a-r5. 
[0 0 3 0] fflBpJHFl BS Sac 1 t Bg 1 IIT 
«WUTbjjjLAI*»*U mS Sac I t Bg 1 
II-C«)»rU&jLodCiSlfM- £ 9^ > 3 >TS C £ 
KJ: ») . /W^'Jy FS€^ todClbphA2A3 
Aj4BCS^rs^7^5H P JHF 1 0)W#5tl<&. 
^e,lr^©^"^X5. HS Ppu M I TMSjHgrlT bphB 
C*»*rsctfci»3, /Vf 7'J y Fgfi? t o d C 
1 bphA2A3A4 ^rr57 , 7X 5HpJHF10 

i**#&n*. 

[0 0 3 1] ZO&SlZLXnZtlZA'f 7V y F«fi 
f todCl bphA2A3A4 ©<HBIMBiftBI&TS 
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(6) 
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10 



MtS5] 




1i— i C=3 cc *-* 



- - 5 




PUC118 ftp 1 ") 



4.7 kb 



bph upstream 



o r f 3 «3— •?> V-fsOit ?V— 
A3 (open reading frame 3) > 
Ap'«7>tr->U>W^£?£jjVr. ) 

co o 3 2] **wtomfciL*v>mmim7y7sS. 

H«> J:88K«t PlISSanfcfflfimWM-T&S todC 
lbphA2A3A4 LT»»tA^^il a? 

Fit£*ft*l,TV>S. todCl bphA2A3A4 

©»fc?b£jLAl*»5JgJ*3ft5ft-«ta* 

(ISPt^lZyH ^fifej Ft od 
C Ifr6»jft3ft6 I S Ptf^ax »/ hTBlfeSn&fil 
*T?»5. £©*>tt*B (8$) fcftV^fifcX^l^ 
toBm. ftfcMJ£'DPX? 1 U>*&tt5 L r-5*aDX 

<5. 

[0 0 3 3] *»9!©»&:?9X3 Htt, &©DNA»r 

1) flttagfi?lgM- todClbphA2 A3A4&S 

2) IgSMfttfig? (V-*-) 

3) yvk&Mmnvimpiwx&Gfr 

to o 3 4] mmmm&^tiyr\t. r>tr->u 

ttJSe^ (Am') , JUffttfie 40 

KT240 (ATCC No. 3 7 2 5 8) , pUCl 
18 (ATCC No. 3 74 6 2. Hfnt>:tl6f!) 
*^a^S^T?ATCC*ie*»SnT^S) , pAC 
YC184. pKK2 2 3-3. pTrc9 9Aftifffl 

[0 0 3 5] ^^Aistt«H«irt-p«s?rtB&fie^tu 



- C53 

0fc&S&»fim»ttT*»K ^7X3 HpUC 1 1 8 
*fctt^5X3 FRSF 1 0 1 0 **©%>©£&««? 

•suttfTSsat, iinew^sn^v). rsfioi 

0 AUttttmfcfcfctf* S&WSSIC&Mftatfg 
?*«kW««BBS&«ffi^*s #5)5. 8kb©DNA« 
«»C^+UT#«r*. Il©««ttRSF 1 0 1 0 £tt 
Tfc<. pKT2 4 0, pMMB2 2*©!/5X3 F*> 
6(H(B»**©«eir«»S(ISfflHT»|»-r« d 

10 0 3 6] *3SW©fijfc:/5X3 Htt, iic^Dt 

«S$-fr4©*W*L.K tltt^7XS KOfi^ggA 

iiX;nfv->ASaair«fc*^& a;u/v-:7?x* F£ 

AV>fcfiBlcJ:«#& HanahanlDM ("Mo 
lecular C 1 on i ng" ®S2i, Cold 
Spring Harbar Lab. flURR) $©tt 

B&t*©^7A^ffiBBB*JfiJfflSn^. 
[0 0 3 7] *5ll«0*^X^^>ir«ffl»Reftfl: 
tt, ±E©a«7 r 7X5 F££ALfc«KlESHrcfc 
0. £©JgJMK»#&fflV>TJfi'<ffcX? 1 l'X ttfcHJ* 
n d x^ u & fix F 7 ? n nxj- v > < # 

•5. 

[0038] &itxi-\,>tommwniii&&<f>mmi* 
f&±«sa©*wicaLfc*frrff*>na*t, 

ilttfitL-asfcT-F'j^A, fflfl:*'j^A^&ffl^. 

«»OpH5-8. 5. »$Kf46~7, fi«l 5~ 

4 0^. »SL<»3 5rB8«-c»a»ic*ifr<b©*» 
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( 

11 

[0 0 3 9] 
1) pUC 1 1 8 

■S-'f h**LTViS. tMvO*3. 2kb. ATCC 
No. 3 7 46 2©*^Dif#tTATCC (Amer 
lean Type Culture Collect 
Ion) rt>67frHS<*trO*£, 
[0 040] 2) p JHF3 0 5 1 
^-H^X 7^ F 1 S*CD h)lX.>#m&fc 
f todClC2BA^ pUC119 (ATCC N 
o. 3 7 4 6 1) lrfifc£ftjt6. SkbpcDT^X* 
Ho cicoy^x^ K^xirU ay kwi-io 

[0 04 1] 3) pHSG3 96 

* n 5 a 7 x^n-jwHttjte^ &*irr* puc^^ 
^ae^(D«ab«iB»«7?»§xho.i ©^d-- 

H&#bTV>£. (Jfc) fr&No. 3 3 

9 6co^^n^#^ (Bio Technology 
catalog 1993) TTfcflRSnT^So 

[0 0 4 2] 4) XtU^>7 ay KWI-10 
H^x>##jgfc ^ t o d C 1 C 2 B A jm&Zitife? 
7X5 Hp JHF3 0 5 IS, 3«J JM 

1 0 9tC«ALfcffl«ffiT, M6ft±*®3tt*9T* 
K3tTCt>«. 

[0 0 4 3] 5) v-a-H^X ya-K7J^Uy 
*X KWI-11 

lf7x— ;MMfitfi ^bphA 1 A 2 A3 A4BC &% 
fi*DNAttT««FT*»tt7?, B&IBt*£*<Z>§&# 

6) XirU->7 ay JM1 0 9 
ATCC No. 53 32 3 ($tij&<Dtl9U!f) <Dti9 

Dif##TATcc*>enfffianTv>*. 
[0044] %mm 

^ hp jhfio i&mmvtt. sr. hik^t^ 

Kxol-H^X ^a-K7**yy*X KW I — 
1 1 <P%fi# ft fHIK»3$ X h o I Tg»U £0>DN A 
BSfrft, Xho IT«J0rLfc:/5XSHpHSG3 9 6 
Xt'JxT ay JM10 9JC«AUT» 
C0)MUgftftt:2 t 3-3>fcHD* 

£<D0#e*ffc:tt, gfi^b phAl A2A3A4BC & 

^oariBMiEB^flfia [3) T*an^DNA»f^p 

HSG3 9 6K:ffl&£n&:/7X$ HpKTF 1 o**« 



) 4$W¥7-14388 2 

[0 0 4 5] ±Ett»^X5 HpKTF 1 0 SXba 
I tH_LndIIJT«>fU bphAl A2A3A4B 

fcpUCl 18S Sac ITWWU C*lftT4#U^ 
7-i?TfflfflU «|5«l:Lfcfc®ttA77>fy- 
^a>S*» S_a_c I1M h£ffll»Lfc^X5HpU 
C 1 1 8 A Sac IftftMftlfc. ^OpUCl 1 8 AS 
ac I (0W?D-->W Hft Xba I £ H I n 
dlHTttKU ±E bphAlA2A3A4BC ^ 
tf Xba I ~HJ_jLdIIIC0»fM*ft7-f y-^a >S 
tt. !/?X5HpJHF18«#jj6Ufc. 
[0 04 6] -*02IC^TJ:5^ x-feUS^T 3»J 
KWI - 1 0£ftft3hTfr>Sp JHF3 0 5 1 (21 
0>:/9X5 P»KH t o d C 1 C 2 BA 8fi^mi 
tlTV>*) £f>^-HDNAtU 5' -TCTCTCGAGC 
TCGAAAAGTGAGAAGACAATGA-3 ' (T»tt Sac I WWffltiL 
&*"T) ££tf3' -CTTCCGCTGTGCGACTTAG TCTAGAA CGAA- 
5' (T8liB_^iii«Bf«ttS^'r) <D2-0<D?7<i 
V-£fflV>T, Gene Amp PCR Kit 
iS «*) «&*) fc«fcD, -#g)*aiK Sac I, 

fegra>*wfc Bg n i ®wmm&$:ftt t o d 

CI^PCR (#UV- ^x-> U7^^3» IC 
ioT^SLL £<BI$©DNA<0*t©[§lftte2 0 0 
T, DNA0>£tt#9 5*CT3 0fj\ 7 r 7-fV 

-©7r-iJ>^t5 5*CT3 0#, ^7^T-CD#S 
#7 2«CTl#£Lfco 
[0 0 4 7] -hEEcfcPftSftfc t odC I fc^ftPC 
Rfefc&S, S ac I ^ Bg 1 inKDKl/fe. — p 
J HF 1 8 S Sac I £ Bg 1 IITflgflT b p h A 1 

*®i»vifc«, ±e s ac N Bgi wftfrft^f 

^a>SUT7 r 7X5 Hp JHF1 OfcffrSL&o £tf> 
JifffcJ: 0 , p J H F 1 8 O bphAl fl U odCl l: 
■Kkdtl«« bphClbphA2 
A3A4BC g>/Vf7U* HfflE^Wfrfc^uWS. 
[0 0 4 8] #fc03fciK-r±7fc* ±gBT»^nfcp 
JHF10 S Ppu M I "rtOWU Wnft bphB 

JHF 1 0 l*ffr£L&. £3)79X5 Htt todCl 
bphAlA2A3A4 <Q/W^'J y HSCTIKftfrS' 

[0 0 4 9] MM 2 
Xir'J^7 3U JM109CHanahan<J!)M 
K«fcD, H«« 1 Tifc^^ 5 H p J H F 1 0 i t tt 
p J HF 1 0 1 ft*AU IMCftfteftfc. 21 ©*H 

Sftxiry->7 ay JM109 (pJHFio) j 
fcttxtys/yay jmio9 (pjhfiod i 

[0 0 5 0] £ne©«HIE»#£fflV>T* h'J^DD 



-611- 



(8) 



13 

7 3U JM1 0 9 (p JHF1 0) S&ttX-feUv' 
7 3U JM1 09 (p JHF1 0 1) £LB«J6T? 
3 7t!lCT«*U. 6 0 0 nmTCM (KTA.oo 
£t>5) #1. 0~2. OWtUft^jft-OftWHltJ: 
Omat, f^£Tffi*«JSifil::A,.o#2. OlcfcS 

[0 0 5 1] *M8fcJft: 
NasHPO^XHsPMlM, pH6.8) 40a] 
Hunter's vitamin-free mineral base *1 20ml 
(NHOjSO* lg 

840ol 

*1 Hunter's vitamin-free mineral base: 
xHJn=»& 10.0 g 

MgSO< 14.45 g 

CaCli'Z&O 3.335g 
QfflOeMorQu^O 9. 25 Eg 

FeSO<-7HjO 99 Eg 

*9)VX "44" *2 50 ml 

»sS# ^STlOOOnlfcf S 

*2 *9)VX "44"(Metals "44") : 
X^k>3>73>IH»8 250. Ong 
ZnS0< -7Ha 0 1095. Omg(250og Zd) 

PeSO< 'TEi 0 500. OmgdOOmg Fe) 

MnSO< «Hj 0 154. Omg( 50mg to) 

CnSO< -5HjO 39. 2og( lOmg Co) 

Co(N03)]>6BiO 24.8mg( 5ng Co) 

NaaB«0r*lO3>0 17.7mg( 2ag B) 

a&S* 100ml 

[0052] £<DW&m 10ml £i?-x;HM X>* 
ttS© 12 5ml 7)U\f >KAn> h U ^ n Q 

ft) SSiDU r7D>3-h^;WAftSl/t», 

. E?a 

TCTCTCGAGC TCGAAAAGTG AGAAGACAAT 

10059) am&:2 

&m<D&t< : 30 

AAGCAAGATC TGATTCAGCG TGTCGCCTTC 
ItS 1 ] mmW 1 fcfcttS^XS Hp J HF 10 1© 
[H2] fS»091fc*$W-*:/5X$KpJHFl 0 1© 



♦SW^Fr- 1 4 3 882 



14 



*"C, 2 0 0 r pm-efi£5*itU SgMWfcSWSfctfX 
9-1 h*s>)>i>Hl 00 ti]-*>7V>ifU MJ^n 
nx^U^©^tt»Sffrp&. ttUtLTtt, X-fel) 
n'J KWI - 1 0 (X-feUv-7 3'JJMIO 
9 IC^7^5 H p J HF 3 0 5 1 fc&ALfcfflftfc) £ 

[0 0 5 3] B 4 §&ififiS|©}Bafefll#»l<> 
■f n>b»flS© , b©fcJt' , «T*!j 3 «©#«|&flrc MJ ? □ 
DX^l^fc^fcLTfcO, M^UyKIfiWh'J 
JO ?PDX^W>©##fc##JC##T&5 
£. 

[0 0 54] 

* KB. Sol-F^X F 1 ft*© t o d C 

3fc© bphA2A3A4 31£ ; jP£ L&SfcTSrK- 
todClbphA2A3A4 ^ «lftX^W>^ffi 
*»SIS-r5Stt«ffitlxT'&WL'TV^©Tv ttflSX?- 
V>^ffi©«V>II*£%&&;*1i-*;rfc#T£S. 
# [0 0 5 5] *S5M©«<r:x^U>^HBffl»H«gttfl: 

T. JfiflJX^W^iWWIg^Sti. 

[0056] *%w<nmzx3-v>oimj3m3.. ±e 

[0 0 5 7] 

[£?>&} 

[0 0 5 8] B£I84|:1 
EJU©SS : 32 

«©»:-*« 

•&JSKDNA 



GA 



&«©» : -*« 
E*J©88 : <&©«» o'JiDNA 

30 

[H3] ^JSWlfcfctt-Sy^XSFp JHF1 0 1© 
[B4] ^»«2©16jRS^-r^7Tft«. 
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(9) 



4$W¥7-1 43 8 82 



mi] 



[02] 



*** KWI-11fefe* PHSG396 



todC1C2BA 



bPhAI A2A5A4BC 




Xba l. 
Hlpd m 



PUC118 



PUC118ASacI 



bPhA2A3A4BC 

fe£Mlffpj H F1l 
Sac iHt (LOkbp/f- PpuM I 

Xk± I Hi n d m 

Ap r 

I 



[B3] 
P JHF1 0 



bPhA2A5A4 





bo i n 



KPnl 



(PCR) 



»1 

PCR PJHF18 



PJHMOH 
aSkbp/^PpuMl 



Sac I. 



7-f >h> 

bPhA2ASA4BC 




B5©3K2Cr>-?< 



[04] 




»¥ JM109 (PJHF1Q1J 
9 JM109 (PJHF10) 



<51)Int.Cl.« agrJIS^ tfrt*W9 FI ftffiifcnffiffi 

//(C12N 15/09 ZNA 
CI 2R 1:40) 
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(10) 



4$H¥7-143 8 82 



(CI 2N 
C 1 2R 

(CI 2N 
CI 2R 

(CI 2P 
CI 2R 



15/09 
1:38) 
1/21 
1:19) 
1/00 
1:19) 



ZNA 



C12R 1:40) 
(C12N 15/00 
C12R 1:38) 



ZNA A 
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